Introduction
An attic is usually naturally ventilated, its temperature and relative humidity being determined both by the weather, and by air, heat and moisture transport from the living space. The aim of ventilation is to prevent condensation in winter, and to reduce cooling loads in summer.
Moisture enters the attic from the house (both by convection and diffusion), and mixes with the usually drier ventilation air. D.lring the day, the attic is heated by solar radiation. At night, the roof sheathing cools down by radiating heat to the sky: its temperature can drop below the outside air temperature.
It was thought that the sheathing was an inert surface. Thus if its temperature were to drop below the attic air dew point temperature, condensation would form. It was believed that good ventilation could prevent condensation, since more ventilation would result in a generally drier air mixture in the attic.
Recent studies have found that the wood in an attic is not inert, but that it adsorbs and desorbs moisture continually. Fbrd [1] , Dutt [2] , and Cleary [3] investigated houses in New Jersey and califomia, and showed year-long cycles in which wood dried in the summer and adsorbed moisture in the winter. '!his cycle is illustrated in Figure   1 for a single-family unoccupied house in Oroville, califomia [3] .
Approximately 60 kg of water was adsorbed during the winter. Tb investigate the driving forces behind this cycle, the attic was monitored over the six-month period December 1983 -May 1984. injection into the attic, a flow of 4 m3/h from the attic to the house was found.
Results
The ventilation rate was not measured continously. A number of measurements were made at different windspeeds and an average value of an empirical area V was found, where V is defined by R = V x s. R is the ventilation rate, m3/s, S is the windspeed, m/s, and V is an empirical constant, m2. v was found to be 0-023 m2: the physical area is approximately o.030 m2. Temperature differences between the house, the attic and outside were not found to have a significant effect on the ventilation rate. The calculated water flow rate for this period is shown in Figure   4 . It can be seen that the flow peaks .just after noon each day, and that during the night the attic actually absorbs water from the ventilation air. 'lhe magnitu:ie of the flows is rather large, up to 2 kg/h. '!his may be compared with a typical moisture generation rate for an occupied house of o.4 kg/h. [7] 'lheoretical Model A simple model has been developed to predict the flow of water into the wood. For a more complete analysis of moisture and heat flow, see [8] . Following standard models A constant value of o.oa kgjm2.s for k was used in this study.
The surface humidity ratio may be found from data on wood properties.
(For example, Daily values for the west sheathing were 12.9%, 12-8% and 12.8%; for the truss, 9-6%, 9-4% and 9.4%. Fixed values of 12.8% and 9-4% were used for the prediction.
Good agreement is seen between measured and predicted attic air 7 humidity ratio, though the prediction is always lower than the measurement at night.
Sensitivity Studies
Tb see how errors in attic ventilation rate and wood moisture content might affect the results, two sets of sensitivity runs were made.
The effect of errors in the windspeed/ventilation rate correlation was investigated by varying the windspeed by a factor of two above and below the measured value, i.e. the ventilation rate was varied by a factor of four. The results are shown in Fig. 6 . It can be seen that the effect on the prediction is minor. As discussed above, the attic air humidity ratio was dominated by the wood surface humidity ratio, not by the ventilation rate.
The wood moisture content was varied by 2% above and below the measured values of 12.8% for the sheathing and 9.4% for the trusses.
The results are ·shown in Fig. 7 . It can be seen that this variation in wood moisture content causes approximately a 25% change in the predicted attic air humidity ratio. Engineers (ASHRAE) Handbcx>k of Fundamentals [12] gives only what it calls "Past Practice", and notes that it inay not apply to new construction.
In the classic picture of an attic, the roof sheathing is inert and does not store moisture. The measurements described above indicate that there is in fact a constant flow of moisture into and out of the wood in an attic~ In th.e attic of the house that was monitored, flow rates of as high as 2 kg/h were measured. CUrrent attic ventilation guidelines do not allow for the possibility of moisture storage and release, and may either under-or over-estimate the amount of ventilation needed for mo;isture control.
By chance, the old guidelines appear to work well for attics with low levels of insulation. For well-insulated attics, the model presented above could be used to test various ventilation strategies.
A more general problem is that the purpose of winter attic ventilation is now unclear. It was thought that ventilation removed the moisture that leaked into the attic from the house. In the Oroville case, the house was not occupied and all the moisture that was stored in the wood of the attic came from the ventilation air.
Thus more ventilation may not help.
The old rationale of preventing the sheathing temperature reaching the dew point is inadequate: a new rationale for ventilation is required. Two obvious candidates are ( 1) the prevention of wood 9 moisture content levels above some threshold, or (2) the prevention of conditions which are known to be conducive to fungal or bacterial growth.
Conclusion
Measurements have been made which show that there is considerable flow of water into and out of the roof sheathing and trusses of a residential attic. This is in contrast to the classic picture of attics, and agrees well with studies carried out recently by other researchers.
A simple mcrlel has been presented which treats the moisture flow in an attic as a function of wood temperature, wood moisture content, outside humidity ratio, and attic ventilation rate.
shown to predict the attic humidity ratio well.
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